Introduction
Transport plays an important role in the economic development of each country. All industries are largely dependent on the level of efficiency of the transport system. Ultimately, the development and efficiency of the transport system greatly influences the quality of people's lives. The European Union (EU) and the rest of the world are faced with serious problems such as constantly increasing in demand, pollution, climate changes and limited resources of conventional fuels.
In order to face and overcome aforementioned problems, the EU undertakes huge efforts in promoting and achieving sustainable development in transportation sector. Number of initiatives and measures are introducing in order to achieve a more competitive and resource-efficient transport system. The key challenge is modal shift from road to rail and the creation of Single European Railway Area (SERA). In that sense, one of initiatives in the EU is development of Trans-European Transport Network (TEN-T) through nine core network corridors. Shift2Rail 1 initiative involves major European railway actors and aims to increase competitiveness of the railway sector in mid-long term.
Since share of rail on European passenger and freight transportation markets is still very low compared to road transportation, it is necessary to constantly improve railway transportation service through implementation of different technological and organizational solutions. To achieve an efficient European railway transport market, it is necessary for every single national market to face the challenge of efficiency improvement. In that sense, this paper aims to investigate the impact of innovations on European railways technical efficiency.
The definition of innovate from the online Oxford Dictionaries is: "Make changes in something established, especially by introducing new methods, ideas, or products". Following this definition, this study discusses the two types of innovation: (ii) technological innovation, and (ii) structural reform and railways industrial restructuring.
The aim of this paper is the assessment of innovations impact on European railways efficiency. In order to achieve sustainable transportation development, the key challenge is modal shift from road to rail, and development of single European transport market. Innovations in the railway transport sector contribute to the higher efficiency of transport services and promoting a more competitive and resource-efficient transport system. In the first stage of this study, efficiency scores are obtained through the use of Data Envelopment Analysis (DEA), and the ranking of 23 railway companies for the time period from 2009 to 2013 is conducted. In the second stage, factors representing technological and organizational innovations are introduced. Using different statistical tests the impact of these factors on railways technical efficiency (TE) is analyzed. Results showed significant impact of innovations on efficiency level of railway companies. This paper considers most recent time period, thus enabling observation of current trends in European railway transport market. Innovations observed in this study represent key elements in the field of technological development and the structural organization of railways, with the aim of achieving sustainable European rail transport system. This paper is organized as follows. Efficiency assessment of European railway companies is conducted and presented after the Introduction, in the Section 2 of this paper. Analysis of innovations impact on European railways efficiency is presented in the Section 3. The conclusions of this study are given in the Section 4.
Efficiency assessment of European railway companies
This paper analyzes technical efficiency of European railway companies from larger Europe during the time period of five years, between 2009 and 2013. For this aim the Data Envelopment Analysis (DEA) is selected, as the most suitable and most widely used in transportation sector efficiency assessment. Literature surveys of Liu et al. (2013a Liu et al. ( & 2013b as well as that of Liu et al. (2016) concluded that transportation and railways have important role in the discipline development of DEA applications.
Defining input data
Data set includes 23 national railway companies from larger Europe ( Table 1 ). The data were obtained from the official UIC statistics 2 . Only companies which provide both, passenger and freight transportation, are selected. As infrastructure maintenance and all transportation activities have been performed as integrated for some firms, the values have been taken as they are when compiling the data; and as infrastructure maintenance and transportation activities have been separated for some firms, the respective values have been taken from different companies considering the relations among the companies (e.g. in case of Romania -companies CFR, CFR Calatori and CFR Marfa, which perform infrastructure maintenance, passenger and freight transportation service, respectively) and completed by processing for the firm which has been studied [11] . Companies from Denmark (DSB), Netherlands (NS), Norway (NSB) and Sweden (SJ AB) provide only passenger transportation service, thus they are omitted in the analysis. Also, due to the lack of data for the time period observed, companies from Estonia (EVR), Greece (OSE), Hungary (MAV), Ireland (CIE), Latvia (LDZ) and Ukraine (UZ) are excluded. Four input and two output variables that characterize railways transportation process are employed in this paper ( Figure 1 ). Input variables include total length of lines, total number of employees, number of passenger cars and number of freight wagons. Two output variables which represent revenue measures are passenger-kilometers and freight ton-kilometers. These variables are not included in this study, since only factors which affect railway transportation process the most and which represent revenue measures are observed. Descriptive statistics of inputs and outputs selected for the time period observed are presented in Table 2 . 
Mathematical formulation of DEA model
In order to obtain consistent technical efficiency scores, appropriate DEA model must be defined. Regarding the orientation of model, form of identified technical efficiency and the assumption of return to scale, this paper employs input oriented DEA model with constant return to scale (see Oum and Yu, 1994; Hilmola, 2008) , and considers Pareto-Koopmans technical efficiency. Although Coelli & Perelman (2000) stated that the choice of orientation of the distance function is not as important in case of railway companies as for other industries, this paper employs input orientated model, assuming that the railway companies have a higher influence on the inputs than on the outputs (Merkert et al., 2009 
With constraints:
One of the main drawbacks of previous DEA model is that it is not able to make a difference in efficiency level of efficient units, since all efficient units have efficiency score equal 1. To rectify this shortcoming, Andersen & Petersen (1993) introduced super-efficiency grade and showed that the CCR model can be modified for the purpose of ranking units. The modification is leaving out the unit for which the efficiency is measured in the constraints set (3), so it becomes (8) . The DEA model in this case has the following form:
(10)
Efficiency scores of European railway companies
Using data defined above, models (1)- (5) and (6)- (10) are solved for each year of the time period observed, and the technical efficiency (TE) and super efficiency (SE) scores are obtained. Models (1)- (5) and (6)- (10) are solved using EMS 3 software. TE and SE scores are presented in Table 3 .
Best performance during the period observed showed companies from Spain, Switzerland, Lithuania, France and Belarus, and they represent benchmarks for other railway companies. Also, high efficiency level (above 80% efficiency level in average) showed companies from Austria, Finland, Germany, Italy and Portugal. Lowest performance (below 30% efficiency level in average) showed railway companies from Moldova and Serbia. Using TE and SE scores obtained, ranking of railway companies is conducted ( Figure 2) . The highest yearto-year rank difference during the period observed showed companies from Portugal, Turkey and Croatia. Except companies from Lithuania, France, Croatia, Germany, Romania and Macedonia, there are no clear trends in ranking of railways, in terms of constant rank improvement or worsening during the period observed. Results of Tobit regression are presented in Table 5 . Tobit regression, as well all other statistical tests in this paper are conducted using Stata software 5 . Regarding network density, results showed statistically significant negative impact on technical efficiency of railway companies. It could be explained as a consequence of excessive engagement of input variable (length of lines) by railway companies. Variable regarding percentage of double-track lines showed negative impact on efficiency, although it has no statistical significance. Variables which represent percentage of electrified lines and percentage of lines equipped with ERTMS showed statistically significant and positive impact on efficiency, as expected. Variable which represents percentage of vehicles equipped with ERTMS showed statistically significant and negative impact on railways efficiency, which could be explained with reduced sample of railway companies in this study, considering that some omitted companies are large ERTMS users. The implementation of ERTMS contributes to uninterrupted cross-border traffic, by overcoming abovementioned problems of different signaling and control systems between countries. This allows increased volume of transit traffic, which in most countries has a significant share in the total traffic volume. Also, the implementation of ERTMS contributes to removing bottlenecks and improving trains performance, thus enabling railways to meet increased transport demand.
In order to analyze difference in efficiency level of railway companies which implemented ERTMS and those which did not, next hypothesis is set:
Hypothesis 1: There is a difference in efficiency scores of railway companies which implemented ERTMS and those which did not, and companies which implemented ERTMS have higher efficiency level, as a consequence of increased traffic flow.
The previous hypothesis was tested using non-parametric Man-Whitney and Kolmogorov-Smirnof tests. Results of Mann-Whitney test (Table 6) showed that there are statistically significant differences between these two groups, and that the companies which implemented ERTMS have higher efficiency scores. Thus the null hypothesis is rejected, and Hypothesis 1 is accepted. Results of Kolmogorov-Smirnof test (Table 7) confirmed this conclusion. 
Impact of structural and regulatory reforms on railways efficiency level
Railway reform in EU began in 1991 with the EC directive 91/440/EEC aiming to facilitate the creation of Single Market and to increase railways efficiency. The four main objectives are related to: (i) insuring the independent management of railway undertakings (operators); (ii) separating the management of railway operations and infrastructure from the provision of transport services; (iii) improving the financial structure of the undertakings; (iv) ensure international access to the networks of Member states for international combined transport of goods (Council Directive, 1991). Licencing issues were subject of the following Directive 95/18/EC (Council Directive, 1995). After that, a set of four "railway packages" and complementary initiatives were brought by EC in the early 2000s. An essential goal of the rail reforms in the EU was to improve the efficiency and competitiveness of the European railway system and in the end to increase its market share in the modal split (Grushevska et al., 2016) .
Two different indicators regarding structural and regulatory reforms implementation are considered in this paper -the implementation of vertical separation and the implementation of horizontal separation. Following the UIC classification, there are five categories of railway organizations: (1) integrated company, (2) railway undertaking (i.e. passenger and freight operators), (3) passenger operator, (4) freight operator, and (5) infrastructure manager. Based on this classification, the vertically integrated company represents a company providing rail operations while holding its own infrastructure, while the vertically separated company is a company comprised of a railway undertaking and an infrastructure manager (Mizutani & Uranishi, 2013) . Horizontally separated company is a company (railway undertaking) which separated its passenger and freight operations.
Although there are different types of vertical separation (Vešović & Bojović, 2002) , in this study, only vertical separation at the institutional level is considered, meaning that two different organizations held by the same holding company are not observed as separated organizations. Therefore, in this paper, vertical separation means that the rail operations and infrastructure management activities are performed by completely separated companies. The same principle goes for horizontal separation. Data related to the implementation of vertical and horizontal separation of railway companies are gathered from different studies (Sanchez et al., 2008; Wolff, 2011; Mizutani & Uranishi, 2013; Mizutani et al., 2014) , and also from respective companies annual reports. The implementation of vertical and horizontal separation during the period observed is presented in Table 8 . Both, Man-Whitney (Table 9) and Kolmogorov-Smirnof test (Table 10) showed that there is statistically significant difference in efficiency scores between these two groups, and that railway companies which conducted vertical separation have higher efficiency level. Thus, null hypothesis is rejected, and Hypothesis 1 is accepted. Results of Man-Whitney test (Table 11) , as well as of Kolmogorov-Smirnof test (Table 12) showed that there is statistically significant difference in efficiency scores between these two groups, and that railway companies which conducted horizontal separation have lower efficiency scores. Thus, both null hypothesis and Hypothesis 3 are rejected. This could be explained with the fact that many companies have conducted vertical separation, but are still operating as a single passenger and freight operator, or they have conducted horizontal separation at the accounting level. Also, some of companies omitted in the analysis represent best practice in reforms implementation. 
Conclusion
This paper analyzes impact of innovations on technical efficiency of European railway companies. The evaluation of efficiency and ranking of 23 national railway companies was conducted using DEA method, observing time period from 2009 to 2013. Using four input and two output variables which characterize railway transportation process, technical efficiency scores are obtained by solving input oriented CCR DEA model. The ranking of railway companies is successfully conducted using modified DEA model, which enables ranking of efficient companies by introducing super efficiency scores. This approach provided the observation of efficiency and ranking trends of railway companies during the period observed.
In the second stage of the study, different factors representing technological and organizational innovations in railway sector are introduced. Variables representing technological innovations consider implementation of European Rail Traffic Management System (ERTMS), and include percentage of lines and vehicles equipped with ERTMS. Also three additional variables, which represent infrastructure development are introduced. These include network density, and percentage of double-track and electrified lines. The impact of these explanatory variables on railways efficiency was analyzed using Tobit regression. In addition, the hypothesis testing was conducted aiming to observe the difference between railway companies which implemented ERTMS, and those which did not. Results showed that railway companies which implemented ERTMS have higher efficiency level. Considering structural reform and railways industrial restructuring, hypothesis testing was conducted with the aim to analyze the difference in efficiency level between companies which conducted vertical and horizontal separation, and those which did not. Results showed that companies which separated infrastructure management and transport operations have higher efficiency level. Regarding horizontal separation, it has been shown that companies which conducted horizontal separation have lower efficiency scores.
Overcome of the problem of lack of data for some companies would enable larger sample analysis. Also, future research directions are including some private railway operators in the analysis, as well as observing differences in passenger and freight transportation service. In addition, inefficiency aspect of companies will be analyzed in DEA, in terms of efficiency improvement possibility by reduction of some inputs.
